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Abstract

Relevance: The problem of osteoporosis is increasing due to the increase in the population average life expectancy. The
incidence of osteoporosis and other degenerative musculoskeletal diseases is expected to continue to increase. The high
prevalence of osteoporosis, especially in the presence of fractures, entails high medical and non-medical economic costs in
the management of these patients, which determines the importance of this problem for the world health care.

Objective: To review current and relevant studies on the epidemiology, risk factors and diagnosis of osteoporosis.

Search Strategy: This review article analyzes the literature on the epidemiology of osteoporosis, risk factors for its
development, and diagnostic methods used to detect this disease. A search was conducted using scientific databases and
specialized search engines such as PubMed, Google Scholar, Cochrane Library, Scopus and Web of Science for the last 13
years. The inclusion criteria were original articles, systematic reviews and meta-analyses in English and Russian. As a result,
67 literature sources were selected for critical appraisal.

Results and Conclusions: Analysis of available literature data showed different prevalence of osteoporosis depending
on geographical location: Iran - 49%, ltaly - 18.7%, China - 13%, USA-11%.

Osteoporosis risk factors can be either modifiable or non-modifiable. The most common osteoporosis risk factors have
been found to be decreased vitamin D, reproductive disorders, as well as endocrine pathology, gastrointestinal diseases,
and other osteoporosis-associated conditions.

Among risk factors, there is little data on the influence of radiation on the development and progression of osteoporosis,
although for some regions of the world this factor is significant, due to the activities of nuclear test sites, the consequences of
man-made disasters with radiation leakage into the environment.

Dual-energy X-ray absorptiometry (DXA) remains the gold standard in the diagnosis of osteoporosis and is also preferred
for determining the efficacy of osteoporosis therapy.
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AKTyaﬂbHOCTb: I'Ipo6nema 0CTeonopo3a BO3pacTaeT B CBA3U C yBenMYeHMeEM CpeD,Hel7I NPOAOCITKUTENBHOCTN XU3HU
HaceneHus. Oxupaercs, yto 3aboneBaeMocTb 0CTEeonopo3oM M ApyrMMu AOereHepatMBHbIMU 3aboneBaHusIMu OMOopHO-
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ABUraTenbHOro annapata bygeT npogomkate pacTu. Beicokast pacnpocTpaHeHHOCTb OCTEONOpPO3a, 0COBEHHO MPY HanMM4nm
€ro NPsAMbIX OCMOXHEHUI - NepenoMoB, BreyeT 3a COBOM BbICOKME MEAMLMHCKME U HEMEOULMHCKNE 3KOHOMMYECKUe
3aTpathl NpW BBEOEHWM 3TUX MALMEHTOB, YTO OMPEeLensieT BaXHOCTb AaHHOW Npobnembl 4ns 30paBOOXpaHEHWs CTpaH
Mupa.

Llensb: MMposecT 0630p COBpEMEHHbIX UM aKTyanmbHbIX WCCHEAOBaHWA MO 3MWAEMMONOrM, (akTopam pucka W
[MarHoCTuKke 0CTEONOPO3a.

Crpaterusi noucka: B paHHoi 0030pHOW CTaTbe MPOBEOEH aHanu3 nuTepaTypbl, MOCBSLIEHHOW SNMAEMWONOTAN
0CTEOonopo3a, hakTopam pucka ero passuTHS, a Takke AMarHOCTUYECKUM MEeTOAaM, UCMONb3yeMbIM ANS BbISBMNEHUS 3TOr0
3abonesaHus. bbin npoBeaéH nouck nybnukauni B Hay4HbIX 6a3ax LaHHbIX W CrELManu3npoBaHHbIX MOUCKOBBIX CUCTEM,
Takux kak PubMed, Google Scholar, Cochrane Library, Scopus n Web of Science 3a nocnegtve 13 net. Kpumepusmu
BK/TIOYEHUS CTanM OpUrMHanbHbIE CTaTbi, CUCTEMATMYECKME 0030Pbl 1 METa-aHann3bl Ha aHIMIMACKOM 1 PYCCKOM fi3blkax. B
uTore Anst KPUTUYECKON OLIEHKM Bbio 0To6paHo 67 MCTOYHMKOB NMTEPATYPLI.

PesynbTatbl 1 BbIBOAbI: AHANN3 AOCTYMHBLIX NUTEPATYPHbIX JaHHbIX MOKasan pasnuyue no pacrnpoCTPaHEHHOCTH
0CTeomnopo3a B 3aBUCUMOCTY OT reorpadmyeckoro pacnonoxenus: Mpan - 49%, Uranusa — 18.7%, Kutai — 13%, CLUA-11%.

dakTopbl pucka ocTeonoposda MoryT ObiTb Kak Moguduuupyemble, Tak U Hemoguduumpyemble. Hanbonee
pacnpocTpaHeHHbIMM (haKTOpaMK pucka OCTEOMOpPO3a OKa3anWCb CHWKEHWE BUTamuHa D, HapylleHWs penpogyKTUBHOW
(OYHKLMKM, @ Takke SHOOKPUHHAsA naTonorusi, 3ab0NeBaHWs XemnyAoYHO-KMULLIEYHOTO TpakTa U ApYrue, accoLUMpoBaHHble C
OCTEONOPO30M COCTOSHUS.

Cpenu haktopoB pucka Mamno [LaHHbIX MO BMAWSHWIO paguaumn Ha pasBuTME W MPOrPeccUpOBaHNe OCTEONOPO3a, XOTS
ONs OTAEMNbHbIX PEervoHOB MUpa AaHHblii  (hakTOp SIBNSIETCS CYLECTBEHHbIM, B BUAY AEATENbHOCTM  SiAEpHbIX
WCTIbITATENbHbIX MOMMIOHOB, MOCNEACTBUNA TEXHOTEHHBIX KAaTacTPOM C YTEUKOM paanaLmuy B OKpYXatoLLyt cpeay.

B powarHocTke ocTeomopo3a 30M0TbIM  CTaHOapTOM OCTaeTcs MeTOA  [ABYXSHepretuyeckas pEHTreHOBCKas
abcopbumomeTpus (DXA-oT aHrn. Dual-energy X-ray Absorptiometry).

Knroyeenie cnosa: duazHocmuka, 0CMeonopo3, pacnpoCmMpaHeHHOCMb, hakmopb! pucka.

Ana yumupoeaHusi: Kacemosa M.H., WeaHosa P.J1., [lopembikuHa M.B., TykuHosa A.P., Hoezaesa M.I.
Onuaemuonorus, (akTopbl pycka U METOAbI AnarHocTuku octeonopo3a. O63op nutepatypsl // Hayka n 3apaBooxpaHeHye.
2025. Vol.27 (2), C.207-218. doi 10.34689/SH.2025.27.2.023
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©3ekTiniri: OcTteonopo3 npobnemachl xanbiKTblH, OpTala emip Cypy y3akTbifblHbIH, apTybiHa GannaHbICTbl apTbim
kenegi. OCTeonopo3 aHe TIPeK-KUMbIN annapaTtbiHbiH, 6acka AereHepaTWBTI aypynapbiHbIH, Xuiniri ece bepedi gen
kyTinyge. OcTeonopoagbiH, XOfFapbl Tapanybl, aCipece OHblH, TiKENel ackblHynmapbl - CbiHbIKTap OonFaH Keage, OChbl
naumMeHTTEpAi EHri3y Ke3iHAe XKOoFapbl MeaNLMHANbIK XaHe MeauLMHamNbIK eMeCc SKOHOMUKaNbIK WhiFbiHLapFa akenedi, Oyn
0Cbl NPOBneMaHbIH, aNeM enpepiHiH, AeHCaymbIFbl YLWIH MAHBI3AbIbIFbIH aHbIKTaNabI.

Makcatbl: OcTeonopo3abliH, 3NMAEMMONOTUACHI, Kayin (hakTopnapbl XsHe AUarHoCTHKachl DOMbIHILIA 3amMaHayun xoHe
©3€eKTi 3epTTeynepre WOy xacay.

Isgey cTpaterusicbl: bByn wony MakanacbiHga OCTEOnopo3gblH, ANUAEMUOMNOrUSChIHA, OHbIH, AaMy  KaymiHiH
bakTopnapblHa, COHAal-ak OCbl aypydbl aHblKTay YLiH KONAaHbINaTbiH AMarHoCTUKanblk, —aAicTepre apHanfa
apebuetTepre Tangay xacangsl. Consbl 13 xbin iwiHae PubMed, Google Scholar, Cochrane Library, Scopus xaHe Web of
Science CuSIKTbI FbiNbIMU ManiMeTTep Oasachl MEH apHaMbl i3gey XyienepiH KongaHa OTbIpbIN, XannblFa KON XeTiMA
BacbinbiMaapab! i3aey Kyprisingi. AFbInwbIH XoHe opbiC TingepiHaeri TyNHyCka Makananap, Xyneni Wwonynap XsHe meTa-
Tangaynap Kocy kputepuinepi 6onabl. HaTwkeciHae cbiHu 6aranay yiliH 67 agebuet kesi Tangangp!.

Hatwxenep MeH KOpbITbIHAbINAP: Konaa 6ap spebu fepektepai Tangay reorpadmsrbik opHanacybiHa 6annaHbicTbl
OCTEONopO3AbliH, Tapanybl boibIHWa ap Typni kepceTTi: UpaH - 49%, Utanus — 18.7%, Keitan — 13%, AKLL-11%.

Octeonopo3 kayin caktopnapbl e3repMeni 6onybl MyMKiH, MyHAa apanacy aypyablH, afbiMbiH ©3repTe anafbl XaHe
©3repTiNMeNTiH, onapabl e3repTy HEMEece X0 MyMKiH emec. [1 BUTaMWHiHIH, TeMeHaeyi, penpoayKTUBTI (YHKLUUSHbIH,
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Oy3binybl, COHAaN-aK, SHAOKPUHAIK NaToONOrus, ackasaH-iLek XongapbiHbiH, aypynapbl XoHe ocTeonopobeH GainaHbICTb
Backa xaraannap 0CTeonopos yLUiH eH, ken TapansaH kayin gaktopnapsl 6ongsl.

Tayeken thakTopnapbIHbIH, apacbiHAa paanaumsiHbiH, OCTEONOPO3abIH, AaMybl MEH MPOrPECCUsiCbIHA SCEPi Typarbl AepekTep
a3, AETeHMEH aNEMHiH, XekenereH eHipnepi yLiH Oyn (akTop Saporblk, CbiHAK MONMMIOHAAPbIHbIH, KbI3METIHE, paanaunsHbIH,
KOpLLUaFaH opTafa arbin KeTyiMeH TEXHOreHAiK anaTTapablH, canaapbiHa GannaHbICTbl MaHbI3abl 60Mbin Tabbinagp!.

Ocreonopo3ap! avarHocTvkanayaa Koc aHeprvsnbl peHTreHaik abcopbumomeTpus agici AnTbiH cTaHgapT 6onbin kana bepepi
(DXA-arbinw. Dual-energy X-ray absorptiometry), on ocTeonopos TepanuscbiHbIH, TUIMAINITH aHbIKTay yLUiH e Konanmb.

TyliHdi ce3dep: OuazHOCMUKa, 0CMEONOPO3, mapanybl, Kayin chakmopnapsi.

[foliexco3 ywiH: Kacbimosa M.H., NeaHosa P.J1., MopembikuHa M.B., TykuHosa A.P., Hozcaeea M.I. Bananap meH
Xacecnipimaepaeri Cyiek anmacyblHaarbl OMOXMMUSNbIK MapkepnapablH, peni. 9aebueTTik wony // FbinbiM xaHe
Hencaynbik cakray. 2025. Vol.27 (2), b. 207-218. doi 10.34689/SH.2024.27.2.023

Introduction

The relevance of the problem of osteoporosis (OP) is
increasing due to the increase in the average life
expectancy of people, which lasts for more than 30 years.
Aging and OP are closely related: the risk of developing OP
and fractures increases with aging [18]. Demographic aging
of the population has a significant impact on human health,
as well as on the structure of incidence and mortality. The
share of degenerative diseases of the musculoskeletal
system, among which OP occupies an important place, is
expected to grow significantly [41]. Studies show that one in
three women over the age of 50 suffers from OP, and more
than 33% of women over the age of 65 have vertebral body
fractures. In addition, more than 36% of patients with
femoral neck fracture die within the first year after injury,
and more than 50% of survivors become disabled [24].

OP is one of the most common chronic disease in the
world. Hundreds of millions of people are affected each
year, and many more are at risk. The main sign of OP is
fractures due to bone fragility, which severely impairs the
quality and length of life and places a serious financial
burden on society [28]. A number of authors describe OP as
a condition characterized by a decrease in bone density
and strength, which increases the risk of fracture with minor
trauma [32, 45].

The relevance of OP is due to the prevalence of the
disease, which requires attention and a comprehensive
approach to prevention and treatment. Approximately 10%
of the world's population and 30% of postmenopausal
women suffer from this disease. Fractures are a serious
complication of OP and a major cause of morbidity and
mortality in the elderly population [23]. Although the
structure of the fracture does not always determine the
degree of OP, the fracture may arise from additional
factors-the mechanism of injury.

The purpose of this article is to systematize and analyze
the existing literature on the epidemiology of OP, risk
factors for its development, and diagnostic methods used to
detect this disease.

Search Strategy: During the study, we searched for
open access publications, using scientific databases and
specialized search engines such as PubMed, Google
Scholar, Cochrane Library, Scopus and Web of Science.
We analyzed a number of original articles and review
papers on the topic published in the last 13 years. The
keywords used in the search were: diagnosis, OP,
prevalence, and risk factors. The inclusion criteria were
original articles, systematic reviews and meta-analyses in

English and Russian. At the same time, expert opinions in
the form of short communications, repetitive publications,
and articles with unclear conclusions were excluded from
the analysis. As a result, 67 literature sources were
selected for critical appraisal.

Results

Epidemiology

Coding of OP in medical records is performed according to
the International Classification of Diseases X revision (M80.0)
According to a systematic review, OP causes significant
economic losses to the health care system, with annual costs
ranging from 5 to 10 billion dollars in the United States alone.
Various fractures, especially of the spine, result in decreased
quality of life, long-term hospitalization, disability, and increased
mortality. The prevalence of OP in the elderly population varies
from country to country, ranging from 7.9% in Iran to 49% in
Nepal. It is estimated that approximately one in three women
and one in five men over 50 years of age experience
osteoporotic fractures. Statistically, one in five patients with
pelvic fracture dies within a year [57]. A 2013-2014 U.S. study
reported that 6 to 11% of adults aged 50 years and older,
representing 1in 9 to 1 in 17 adults, had OP. The prevalence of
OP was higher among non-Hispanic Asians compared to other
raciallethnic groups analyzed using data on young white
women [46]. In the European Union, OP is a serious problem
affecting a significant number of women and men. The disease
often goes undetected until fractures occur, which has led to its
name as a ‘silent epidemic’. Despite advances in risk
assessment and treatment, OP remains underdiagnosed and
undertreated. In Italy, the prevalence of OP is approximately
18.7% and of osteopenia approximately 42.6% [30]. According
to the study, about 13% of the population in China suffers from
OP, and the number of fractures due to this condition may
increase to 4.83 million per year by 2035. Currently, about 10.9
million men and 49.3 million women aged 50 years and older in
China suffer from OP. A study by Q. Zeng et al. (2019) showed
that the prevalence of OP is 6.46% among men and 29.13%
among women in the age group of 50 years and older [65].
Globally, osteopenia and OP have become more prevalent
than ever before with 40.40% and 19.75%, respectively. The
burden of these diseases has increased significantly between
1990 and 2019s, with disability life years and mortality rates
increasing by 93.82% and 111.16%, respectively. The situation
is particularly alarming in China, which is among the five
countries with the highest DALYs from osteopenia-related
fractures and OP, with an increase of 121.07% and 148.65%,
respectively, over this period [35]. In a study by M. Zheng et al.
(2023) compared the prevalence of OP and found that males
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had lower prevalence of OP (2.68%) compared to females
(13.82%) [66]. The authors studied the prevalence of OP in the
Asia-Pacific region and found that OP-related fractures varied
greatly by region. Also, the incidence rate increased with age
and ranged from 10 to 30% among women over 40 years of
age and up to 10% among men in seven developed countries
in the region. The incidence of osteoporotic fractures ranged
from 500 to 1,000 cases per 100,000 person-years among
adults over 50 years of age. Both rates generally increased
with age and were higher in women. The authors make
recommendations that governments and health systems
should consider effective methods of preventing, diagnosing,
and treating OP in order to reduce health care costs and
fracture-related mortality [31].

In developing countries, with the increasing number of
elderly and the adoption of Western lifestyles, the burden of
OP is increasing. Over the past 25 years, many risk factors
for bone loss have been identified and effective treatments
for OP have been developed, but only a small proportion of
patients receive the necessary treatment [33].

According to Lesnyak O.M. and co-authors, in Russia,
OP is diagnosed in every third woman and every fourth man
aged 50 years and older. Every minute there are 7 vertebral
fractures in the country, and every 5 minutes there is a
fracture of the proximal femur. The total number of major
osteoporotic fractures is projected to increase from 590,000
to 730,000 cases per year by 2035. Epidemiologic studies
have found that OP therapy is required for 31% of women
and 4% of men over 50 years of age due to high fracture
risk [12].

The prevalence of primary OP as an independent
disease without identifying another cause of reduced
skeletal strength, occupies 95% in the structure of OP in
postmenopausal women (postmenopausal OP) and 80% in
the structure of OP in men over 50 years of age [6, 14, 26].

The continuing trend of population aging allows us to
predict an increase in the number of osteoporotic fractures
worldwide. An international team of authors studying the
problems of epidemiology in Uzbekistan, Kazakhstan and
the Kyrgyz Republic noted that the number of osteoporotic
fractures in these countries is likely to increase by 2.5 - 3.5
times by 2050 [8].

The population of Kazakhstan is projected to increase
by 13.4% by 2035 and by 24.8% by 2050. The number of
people over 50 years of age is expected to increase by 35%
and over 70 years of age by 95%. By 2050, the number of
elderly people over 50 is expected to increase by 64% and
over 70 by 15.2%. Examination of the indicators of official
statistics in Kazakhstan for 2012 and 2016 showed that
there was an increase in the overall incidence of OP by
39.5%, and the number of new diagnoses increased by
23.7%. Projections for 2050 show a significant increase in
hip fracture cases by 140%, especially among women
(153%), while in men the increase will be 112%. The
probability of a proximal femur fracture for people over 50 is
7.7% for women and 4.3% for men. The number of patients
with distal forearm and proximal humerus fractures is also
expected to nearly double by 2050 [4].

A study conducted in the city of Semey revealed a high
frequency of osteopenic syndrome (68%) among
adolescents and young adults living in areas adjacent to the
Semipalatinsk nuclear test site. Decrease in bone mineral

density is more frequently observed in young men (76%)
compared to girls (64%). In 88% of adolescents, osteopenia
was combined with hypocalcemia and hypophosphoremia.
The study emphasizes the need to further study the risk
factors of OP among young people living in environmentally
unfavorable conditions, with the creation of a control group
[9].

Thus, worldwide, OP is widespread and tends to further
progression, which is confirmed by the data of the above
authors.

Risk factors for developing osteoporosis

Osteoporosis represents one of the fastest growing
health problems in the world, with many factors influencing
its development [42].

As is known, all risk factors (FRs) of OP development
are divided into two groups: modifiable, i.e., those in which
active intervention can change the course of the disease
and non-modifiable, change or elimination of which is not
possible [13, 34].

Modifiable factors include smoking, low body weight,
calcium and vitamin D deficiencies, excessive alcohol and
caffeine consumption, frequent falls, lack of physical
activity, and taking certain medications [2].

Osteoporosis in  postmenopausal women may be
associated with low body mass index (BMI), calcium and
vitamin D deficiency, prolonged kyphosis, and lack of
outdoor physical activity [59].

In the article by D. V. Akimova (2014) the main FRs of
osteoporosis development are given, such as genetic
features, gender, age, nutrition, activity level, as well as the
influence of alcohol consumption and smoking. The
influence of industrial factors such as exposure to fluoride,
aluminum, cadmium, phosphorus, as well as local and
general vibration on the development of OP is also
considered [1].

In the study by G. A. Saneeva et al. (2015) studied the
structure and prevalence of the main FRs of OP and
fractures in 86 postmenopausal and senile women with OP.
The diagnosis of OP was confirmed by the presence of a
low-energy  fracture  andlor  the  corresponding
osteodensitometric T-criterion. The authors conducted a
survey to identify OP and fracture FRs according to clinical
guidelines using the Fracture Risk Assessment Tool
(FRAX). The most common FRs were vitamin D deficiency,
prior fractures, reproductive disorders, and various
somatogenic causes of secondary OP, including
endocrinopathies, gastrointestinal diseases, and other OP-
associated conditions including cardiovascular disease [15].

Verbova A. F. et al. (2017), studying non-modifiable
factors, highlighted age (over 65 years), female gender,
previous fractures, presence of fractures in close relatives,
long-term use of glucocorticosteroids, white race, periods of
immobilization, dementia and hormonal factors. It has been
observed that age plays an important role in bone mass
because there is a natural decrease in bone density and
strength with age. In women, bone mass loss is about 0.86-
1.21% annually, while in men it reaches 0.04-0.90% [2].

According to the literature, both external conditions and
genetic inheritance can serve as FRs of OP development
[22]. These factors, alone or in combination, can
significantly reduce bone density and cause OP to develop
[48]. Recent studies suggest that unfavorable lifestyle
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factors play an important role in accelerated bone mineral
density loss in postmenopausal women [67].

A study of the FRs of OP development in men over 50
years of age has shown that many of them, usually
associated with postmenopausal women, also affect men.
The major FRs of bone loss in men include: previous
fractures after age 40, glucocorticoid use for more than 3
months, age older than 65 years, heredity, alcohol abuse,
calcium and vitamin D deficiency, testosterone deficiency,
low body weight, smoking, and use of hormonal
medications. Patients with multiple FRs have a significantly
increased likelihood of fracture. In men, secondary OP is
relatively common (30-60%) [5, 55, 62).

In a study conducted in Pakistan, it was found that apart
from age, a number of factors such as bone fractures, family
history, physical activity, family size, meat consumption, type of
delivery, breastfeeding, premature menopause, loss of appetite
and use of anticoagulants have statistically significant
association with increased risk of developing OP [64]. In a
study by M. Zheng et al. (2023) found that among women, the
risk of OP was significantly higher in postmenopausal (30.34%)
compared to premenopausal (4.78%). In addition, that OP was
more common in rural population (10.33%) compared to urban
population (5.52%). In urban FR osteoporosis in men included
older age, hypertension, marital status (divorced, widowed and
unmarried), smoking, family history of OP, dyslipidemia and
elevated B-CTX levels. On the other hand, higher level of
education and a diet including rice/ pasta and water products
were associated with a reduced risk of OP in men. Similar
results were also obtained in rural areas [66]. A study in Urmia
city in Iran showed that the prevalence of OP was 42.2%, with
a prevalence of 14.3% in women under 45 years of age and
50.7% in women over 45 years of age. Education level, history
of fracture, presence of chronic diseases, number of
pregnancies and deliveries, duration of breastfeeding, nutrition
and green tea consumption had a significant association with
bone mineral density (BMD). Regression analysis showed that
age, fracture history and pregnancy were significant FRs of
osteoporosis, while BMI was a protective factor [56]. In a study
by C. Neglia et al. (2016) found that individuals with diabetes
and obesity had a significantly higher risk of developing OP,
with odds ratios (OR) of 1.39 (Cl: 1.05-1.83) and 1.46 (CI: 1.20-
1.78), respectively. There was also a statistically significant
trend of increasing risk of OP with increasing BMI. These
results confirm the significant influence of obesity, type 1 and
type 2 diabetes on OP development [50]. Korean researchers
conducted a study in which they investigated the relationship
between gout and OP. Their results showed that patients with
gout had an increased risk of developing OP in all age groups
except those over 80 years of age. Gout was found to be a FR
for osteoporosis with a risk ratio of 1.48 (95% CI: 1.45-1.51, p <
0.001). Women had an increased risk of OP with its peak at
age 70 years. Of particular interest, men in their 20s with gout
had almost four times the risk of developing OP than patients
without gout [44]. A study by Azuma K. et al. (2015) showed
that prolonged psychological stress increases the likelihood of
developing OP through various interaction pathways in the
body. This is due to the important function of the hypothalamus
in the regulation of bone metabolism. The effects of stress on
the body include decreased bone density and impaired bone
quality, affecting various systems such as the hypothalamic-
pituitary-adrenal axis and the sympathetic nervous system.

Interestingly, active chewing, as a stress-responsive response,
can reduce the negative effects of stress on the body, including
bone mass loss. Thus, active chewing may be a useful method
in the prevention and treatment of OP caused by chronic stress
[21].

The main risk factors for the development of OP are
summarized in Table 1.

Radiation, as one of the unmodifiable FRs of
osteoporosis, remains an insufficiently studied problem,
although it may contribute significantly to its development.
Anatomical and physiological changes in bone tissue under
the influence of ionizing radiation may be associated with
impaired osteoblast and osteoclast activity, the key cells
responsible for bone formation and resorption. These
changes may lead to decreased bone strength and
increased bone fragility. Although data on the effects of
radiation on OP are still limited, some studies already
suggest a link between radiation exposure and bone
deterioration. This emphasizes the need for more research
in this area.

L.E. Sivordova et al. (2014) conducted a study of the
main epidemiological and pathogenetic characteristics of
OP in persons exposed to radiation during the liquidation
of the consequences of the Chernobyl nuclear power plant
accident. The results of the study showed that liquidators
of the accident had a high incidence of OP, which was
accompanied by bone and spine pain, decreased muscle
strength, history of fractures, and symptoms of
hypocalcemia, such as cramps in calf muscles. Analysis of
markers of bone metabolism revealed decreased
osteoblast activity with normal osteoclast function. Thus,
in radiation-exposed individuals, there was an imbalance
in bone metabolism, expressed as a decrease in bone
formation with preservation of normal bone resorption
[16]. In a study conducted in Kazakhstan by Gabdulina
G.H. et al. the level of OP detection using ultrasound
screening diagnostics in the East Kazakhstan region was
11.8%, while the all-republican level reached 19.4%. A
significant part of the examined patients had osteopenia,
which was detected in 69.4% of them [3]. In the studies by
G.A. Tanysheva et al. (2014), conducted in the areas
exposed to radiation as a result of nuclear tests at the
Semipalatinsk test site, the frequency and degree of
decrease in bone mineral density in women of
reproductive age were determined. Statistically significant
correlations between the level of irradiation of ancestors of
Il and Il generations and MDB indices in their
descendants, women of reproductive age, were revealed.
The results allow us to assert a more rapid development
of involutional OP in female descendants exposed in the Il
and Ill generations [19].

However, these studies were performed only with the help
of ultrasound screening test, which refers to the screening
diagnosis of persons with suspected OP and is not a method of
accurate diagnosis of OP, so the results of these authors, in our
opinion, are inconclusive. For accurate diagnosis of OP, there
are other, more informative methods such as DXA today.

Exposure from radiation can be detrimental to health,
with adverse effects of radiation exposure occurring after a
latent period throughout life [16]. In this regard, scientific
and practical research aimed at studying the remote
radiation effects become relevant.
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Major risk factors for osteoporosis and bone fractures.

Table 1.

Modifiable risk factors

Non-modifiable risk factors

Tobacco smoking

Age over 65

Insufficient calcium intake

Female gender

Vitamin D deficiency

White (Caucasian) race

Alcohol abuse

Previous fractures

Low physical activity

Low bone mineral density

Tendency to fall

Heredity (family history of osteoporosis)

BMI<20 kg/m2 and/or weight less than 57 kg

Hypogonadism in men and women

Decrease in creatinine clearance and/or glomerular filtration
rate

Systemic GC intake for more than three months

Long-term immobilization

Vitamin A excess

Genetic diseases (porphyria, cystic fibrosis, Ehlers-Danlo
syndrome, Gaucher disease, glycogen storage diseases,
Marfan syndrome, “steel hair’ disease (Menkes disease) -
copper transport disorder, osteogenesis imperfecta, efc.).

Excess salt in the diet

Endocrine disorders (acromegaly, endogenous
hypercorticism, type 1 and type 2 diabetes mellitus,
thyrotoxicosis, hyperparathyroidism)

Medications (aluminum (in antacids), anticoagulants,
anticonvulsants, anticancer drugs, premenopausal
contraception, methotrexate)

Gastrointestinal disorders (celiac disease, gastric bypass,
gastrointestinal  surgery, inflammatory bowel disease
(Crohn's disease and nonspecific ulcerative colitis),
malabsorption, etc.).

Parenteral nutrition

Hematologic  disorders  (hemophilia, leukemia and
lymphomas, monoclonal gammopathies, multiple myeloma,
thalassemia, sickle cell anemia, systemic mastocytosis)

Rheumatologic and autoimmune diseases (ankylosing
spondylitis,  rheumatoid  arthritis,  systemic  lupus
erythematosus)

Neurological and musculoskeletal risk factors (epilepsy,
muscular dystrophy, spinal cord injury)

Other conditions and diseases (terminal renal failure,
sarcoidosis, post-transplant bone disease)

Methods of diagnosing OP

Currently, several methods are used to diagnose OP:
laboratory with the determination of bone metabolism
products to determine the function of osteoblasts and
osteoclasts; instrumental with the use of various methods of
radial diagnosis; method of using FRAX counting with the
calculation of the possibility of fractures with the test; bone
biopsy; method of determining gene markers.

Laboratory diagnostics is an important part of the
evaluation of patients with OP. General blood and urine
tests help to identify possible signs of secondary OP; they
complement the data obtained by other methods of bone
tissue examination, expanding the possibilities of OP
diagnosis [38].

For example, clinical blood tests can detect anemia,
inflammatory processes and other general health
conditions. Biochemical blood tests: determination of
calcium, magnesium and phosphorus levels helps to assess
bone metabolism; PTH may be elevated in OP, indicating
abnormalities in calcium metabolism; vitamin D deficiency
may lead to decreased calcium absorption and bone
deterioration; elevated alkaline phosphatase levels may
indicate bone pathology. Analysis for levels of specific
markers of bone resorption, such as deoxypyridinoline
(DPD) or collagen N-telopeptide (NTx), can help assess the

rate of bone resorption. Markers of bone formation, such as
osteocalcin or procollagen | N-telopeptide (PINP), can
provide insight into the rate of bone formation. In addition,
levels of sex hormones (estrogen and testosterone) may be
examined, as their deficiency may contribute to the
development of OP. Tests for diseases that affect
metabolism, such as tests for thyroid disease, diabetes
mellitus, and other endocrine disorders, are also used [36].

Bone metabolic markers are used to measure peptides
produced during bone matrix formation or degradation.
Among them are indicators of bone formation that reflect
the activity of osteoblasts, the cells responsible for bone
formation. Examples of such markers are alkaline
phosphatase (ALP) and osteocalcin (OC). Alkaline
phosphatase is secreted by various tissues, but the bulk is
found in liver and bone (about 90%) [47]. The bone isoform
is the same in both sexes and is independent of circadian
rhythm, making it a simple marker for metabolic bone
disorders despite its low sensitivity and specificity. With
increased bone turnover, the half-life of OC decreases,
leading to its excretion with urine [29].

Currently, the use of biomarkers of bone metabolism is
a convenient and effective method for additional diagnosis
and assessment of the effectiveness of osteoporosis
therapy. Biomarkers, such as N- and C-telopeptides of
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collagen, as well as alkaline phosphate, are able to reflect
the changes occurring in bones. Unlike MDB
measurements, which take time to detect changes,
biomarkers provide results much more quickly. It is
recommended to analyze the level of biomarkers 3 months
after the start of therapy, and an increase in their content by
30% or more may indicate the effectiveness of treatment.
However, it should be taken into account that the use of
biomarkers for the diagnosis of OP should be accompanied
by densitometry [7].

Strukov V. et al. in their study investigated the
possibility of OP diagnosis, including both biochemical
markers of bone metabolism, such as osteocalcin,
parathormone, 25(0H)D and B-CrossLaps in serum, and
instrumental diagnostic methods. They noted that although
histologic analysis of iliac crest biopsy is considered the
most reliable method for the diagnosis of OP, its use is
limited due to its invasiveness. Radiography is more readily
available but may fail to detect OP when bone mass loss is
less than 30-40%. X-ray absorptiometry is the most
accurate method for assessing MDB and determining the
degree of OP based on it [17].

Bone resorption markers such as pyridinolines (Pir),
deoxypyridinoline (Dpir), as well as ICTP, f-CTX and NTX
peptides are widely used in clinical practice. The markers -
CTX and NTX are commonly used for the diagnosis of OP.
There are other methods to assess bone density such as
ultrasound and quantitative computed tomography, but the
most common method is DEXA. A bone biopsy is only
ordered when a tumor is suspected [37].

The Bone Health and Osteoporosis Foundation (BHOF)
recommends a comprehensive diagnosis of OP that
includes an assessment of individual fracture risk, patient
history, physical examination, and special studies to rule out
possible secondary causes of bone fragility. Patients with
signs of OP, such as height loss, back pain, or fractures,
are recommended to be screened for spinal fractures.
Increased fracture risk is most often associated with age, so
screening of all older adults is considered essential.
Individuals with a history of fracture or high fracture risk
should have a more thorough bone health assessment and
possibly be referred to a bone metabolism specialist for
further monitoring and treatment [27].

According to the World Health Organization (WHO)
standards for densitometry, MDB levels are classified as
follows: normal - bone mineral density level is above 1
standard deviation from the mean; osteopenia - bone
mineral density level is between 1 and 2.5 standard
deviations from the mean; OP - bone mineral density level
is below 2.5 standard deviations from the mean; established
OP - bone mineral density level is below 2.5 standard
deviations from the mean and on the [43].

Densitometry helps to assess the risk of fracture, which
depends on the degree of OP. A normal value corresponds
to a low risk of fracture, an osteopenia value doubles the
risk, and an OP value quadruples the risk. Established OP
increases the risk by 1.5-2 times for each reduced standard
deviation, and severe OP represents a similar risk of
established OP [20].

The clinical feature of OP, low-energy fractures, occur
most commonly in the spine, hips, and forearms because of
their vulnerability. The risk of these fractures increases with

age, making them a major cause of morbidity and mortality
in the elderly. The most susceptible bone sites for
osteoporotic fractures are the upper and lower ends of the
hip and shoulder, as well as the spine [51]. Transverse
femoral fracture is a severe complication that often results
in a high risk of morbidity and mortality [54].

A study conducted in Spain by the International
Osteoporosis Foundation used additional diagnostic tests to
monitor the effectiveness of osteoporosis treatment [25],
including double X-ray absorptiometry (DEXA), which is the
most recommended and accurate method for diagnosing
osteoporosis. DEXA makes it possible to assess the
probability of fractures, prescribe the necessary treatment
and monitor its effectiveness 58]. DEXA is a method that
quantitatively measures bone mineral density in the axial
skeleton, such as the spine and hips. This method is based
on measuring the transmission of x-ray photons with two
energy peaks through the patient's body to determine the
calcium content of the bones [52].

DEXA allows accurate diagnosis of osteoporosis and is
a valuable tool for early detection of this disease [61].
Osteoporosis is known to develop when bone mineral
density levels fall by more than 2.5 standard deviations from
the normal range for healthy young women. Decreases in
bone mineral density at different areas of the body are
associated with an increased risk of fracture. DEXA
scanning, although an effective diagnostic method, is
expensive and requires specialized equipment. Therefore,
most countries prefer to screen for osteoporosis only for
women over 65 years of age, while an opportunistic
screening approach is possible for younger women [49],
which uses a specialized clinical tool to identify individuals
at high risk of OPs [53].

Densitometry is widely used to quantify bone mass.
Although osteoporosis is a more complex condition than
just a decrease in bone density, measuring bone density
plays an important role in diagnosing and predicting fracture
risk. This method helps to determine the rate of bone mass
loss and monitor the progression of the disease [39].

Klimova J.A. et al. note that for the initial stage of
osteoporosis diagnosis it is necessary to identify risk factors
based on patient data obtained by questionnaire, such as
lack of calcium in the diet, vitamin D deficiency, Gl
diseases, early menopause, long periods of immobility,
taking medications, diseases of various systems, low body
weight, bad habits and low physical activity. Radiologic
methods are widely used to study bone health, but
conclusions about the presence of osteoporosis in the early
stages can be made only if there is a significant loss of
bone mass (more than 30%). For earlier diagnosis of
osteoporosis, bone densitometry is often used to detect a
loss of bone mass as early as 2-5%. This method, based on
the measurement of bone density, is the standard for
diagnosing osteoporosis. Laboratory diagnostic methods
are used to assess bone metabolism. Their purpose is to
determine the causes of secondary osteoporosis, to
exclude other diseases with similar symptoms and to
assess the metabolic characteristics of osteoporosis. [10].

Phantom-free computed tomography (CT) calibration
methods can significantly improve osteoporosis screening
and allow retrospective analysis of imaging data. New
advances in hardware are expanding the use of dual-
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energy CT and cone-beam CT for bone imaging. Also,
improvements in MRl sequences contribute to more
accurate assessment of bone properties. The introduction
of image registration techniques opens new horizons for the
study of soft tissue-bone interactions and bone structure
updating. Although DEXA remains the most common
method for diagnosing osteoporosis, new imaging
technologies are becoming increasingly available and
provide important additional information for clinical
decisions [60].

Assessment of OP severity and fracture risk

The WHO-developed FRAX tool helps physicians to
estimate the likelihood of fractures over the next decade
based on a variety of clinical and demographic data. In
rheumatology, FRAX can be particularly useful for
assessing fracture risk in patients with rheumatoid arthritis
and other conditions that can affect bone density. For
example, long-term corticosteroid therapy, often used to
treat rheumatic diseases, can significantly increase the risk
of OP and subsequent fractures. The use of FRAX allows
physicians to better plan preventive measures such as
lifestyle modification, drug therapy, or other interventions to
reduce fracture risk in patients [11]. FRAX models for the
Republic of Kazakhstan included the incidence of hip
fractures by age and sex and national mortality rates.
Probabilities of fractures were compared with similar
indicators in neighboring countries with FRAX models. The
FRAX 10-year probability model of osteoporotic fractures
for the Republic of Kazakhstan was developed by the
author Isayeva S. [40].

Among the tools designed to identify women at
increased risk of developing OA are the following: SCORE
(Simple Calculated Osteoporosis Risk Estimation), ORAI
(Osteoporosis Risk Assessment Instrument), OSIRIS
(Osteoporosis Index of Risk) and OST (Osteoporosis Self-
assessment Tool). Singapore's recommendations also
include the use of the OSTA (Osteoporosis Screening Tool
for Asian Women), which is specifically designed for this
group of women and has been successfully tested in a
Japanese sample. The OSTA methodology is based on
individualized osteoporosis risk assessment, taking into
account age and weight parameters: score = age (years) -
weight (kg) [63].

In unclear cases, bone biopsy is used. In recent years,
the method of determining gene markers and identifying
gene predisposition mechanisms to identify groups of
people predisposed to the development of osteoporosis has
been used in a fairly targeted manner.

Conclusion

Thus, in the course of our review of the available
literature on the epidemiology of osteoporosis, it is clear
that this disease is a significant public health problem,
affecting millions of people worldwide. Early identification of
modifiable and non-modifiable risk factors for the
development of osteoporosis allows for timely preventive
measures. It should be especially noted that in recent
years, the radiation factor has become increasingly
important due to technological progress. At the same time,
the influence of radiation associated with nuclear testing as
one of the non-modifying risk factors of osteoporosis
development remains insufficiently studied. The key
methods of osteoporosis diagnosis discussed in the

literature are densitometry and quantitative ultrasound
evaluation of bone tissue, which allows timely detection of
the disease and prevention of its progression. However,
despite the available modern technologies, detection of
osteoporosis at early stages is still a difficult task that
requires further research.
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